INTRODUCTION
============

Osteoporosis is a pathological condition that is characterized by decreasing bone strength and bone mass, which increases the risk of vertebral and hip fractures. According to the 2008 to 2011 Korean National Health and Nutrition Examination Survey, the prevalence of osteoporosis among Korean women and men who were ≥50 years old were 38.0% and 7.3%, respectively \[[@B1]\]. Furthermore, given the effect of osteoporosis on public health, efforts have been made to identify subgroups of individuals who are susceptible to osteoporosis and osteoporotic fracture using serological markers.

Multipotent mesenchymal stromal cells (MSCs) in bone marrow differentiate into adipocytes or osteoblasts through closely-regulated lineage-control processes that occur at the precursor cell level \[[@B2][@B3]\]. Among the factors that affect MSC differentiation, preadipocyte factor 1 (Pref-1) is released from adipocyte precursor cells and inhibits the differentiation of MSC into adipocytes and osteoblasts \[[@B4]\]. *In vivo* studies have revealed that Pref-1 prevents chondrocyte maturation and osteoblast differentiation in mouse embryo fibroblasts, and its ablation and overexpression caused bone malformation \[[@B5]\]. High levels of circulating Pref-1 also enhance bone resorption and inhibited bone formation *in vitro*, and Pref-1 deficiency protected against bone loss in mice \[[@B6]\]. Moreover, patients with genetic mutations that are related to the Pref-1 protein experience abnormal bone metabolism syndromes \[[@B7][@B8]\].

Serum Pref-1 levels exhibit an inverse associated with bone mineral density (BMD) among young women with anorexia nervosa \[[@B9]\] and young women (18 to 35 years old) with hypothalamic amenorrhea \[[@B10]\]. However, there are no data regarding the effect of serum Pref-1 levels on BMD among postmenopausal women. Thus, the present study aimed to examine the associations between serum Pref-1 levels and BMD or fractures among healthy postmenopausal women from a previous study\'s cohort.

METHODS
=======

Subjects
--------

The present study retrospectively evaluated a previously formed cohort of 337 healthy postmenopausal women (\>50 years old) who voluntarily underwent testing at Kangwon National University Hospital during June to October 2009 \[[@B11]\]. Serum Pref-1 levels were measured in 124 consecutive subjects. Menopause was defined as the absence of menstruation for ≥1 year. We excluded women who were receiving glucocorticoids and estrogen for \>3 preceding months, women with diseases that could affect bone metabolism (e.g., Graves disease or Cushing syndrome), women who had undergone hysterectomy, and women who had undergone premenopausal bilateral ovariectomy. This study was approved by the Institutional Review Board of Kangwon National University Hospital (IRB number 09-07), and all women had provided their written informed consent to participate in the original study.

Laboratory tests
----------------

Areal BMD values (g/cm^2^) for all subjects were measured at the spine, femoral neck, and total hip using a Lunar Prodigy Vision dual-emission X-ray absorptiometry system (Lunar Corp., Madison, WI, USA). According to the World Health Organization definition, osteoporosis was defined as a T-score of ≤−2.5 standard deviations at any site. One investigator performed all densitometry testing and analyses for all subjects. Previous fracture histories were collected by a self-administered questionnaire. Serum Pref-1 levels were measured using a Human Pref-1/DLK-1/FA1Quantikine ELISA Kit (R&D Systems, Minneapolis, MN, USA), which has a mean minimum detection level of 0.012 ng/mL, an intra-assay variability of 3.7%, and an interassay variability of 6.2%.

Statistical analysis
--------------------

The correlation between Pref-1 levels and other continuous variables were evaluated using Pearson correlation analyses. The actual BMD values were used for the bone mass analyses, rather than the T-scores or Z-scores. Multivariate analyses were performed with adjustment for age, body mass index (BMI), and systolic blood pressure. We also performed subgroup analyses, based on a fracture history, to examine any variation in the potential association between BMD scores and Pref-1 levels. Statistical analyses were performed using STATA software version 12.1 (StataCorp., College Station, TX, USA), all tests were two-tailed, and *P* values of \<0.05 were considered statistically significant.

RESULTS
=======

Clinical characteristics
------------------------

[Table 1](#T1){ref-type="table"} shows the subjects\' baseline clinical characteristics. The 124 postmenopausal women had a mean age of 59.9±7.1 years and a mean BMI of 24.2±3.4 kg/m^2^ ([Table 1](#T1){ref-type="table"}). Twenty-three subjects (19%) had experienced an osteoporotic fracture. The median T-scores at the lumbar spine, femur neck, and total hip were −1.2, −0.7, and −0.4, respectively. All absolute BMD values at the three loci exhibited significant inverse correlations with the subjects\' age (data not shown). There were no differences in the clinical characteristics of the patients who were included and excluded from this study ([Supplemental Table S1](#S1){ref-type="supplementary-material"}).

Correlation between serum Pref-1 levels and BMD
-----------------------------------------------

Serum Pref-1 levels were not significantly correlated with the absolute BMD values at all three loci: lumbar spine (*R*^2^=−0.002, *P*=0.377), femur neck (*R*^2^=−0.005, *P*=0.508), and total hip (*R*^2^=−0.005, *P*=0.555). The other anthropometric and laboratory values also did not exhibit any significant correlations with Pref-1 levels (data not shown). The multivariate analyses with adjustment for age and BMI also failed to detect a significant association between Pref-1 levels and the absolute BMD scores ([Table 2](#T2){ref-type="table"}).

Subgroup analyses according to a fracture history and BMI
---------------------------------------------------------

[Table 3](#T3){ref-type="table"} shows that subjects with an osteoporotic fracture history were significantly older and had lower BMD values and T-scores, compared to subjects without a fracture history. However, there were no other significant differences between the two groups, including in their Pref-1 levels. Multivariate analyses also failed to detect a significant correlation between Pref-1 levels and BMD values in both groups ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The close association between bone mass and fat tissue has been suggested by previous experimental studies, which identified several mechanisms that might control the differentiation of bone marrow MSCs into adipocytes and osteoblasts \[[@B2][@B3][@B12]\]. Among these mechanisms, Pref-1 is a protein that inhibits MSC differentiation into adipocytes and osteoblasts \[[@B5]\]. For example, a clinical study of 20 women with anorexia nervosa revealed that they had elevated Pref-1 levels (vs. controls), an inverse association between Pref-1 levels and BMD scores, and a positive association between Pref-1 levels and marrow adipose tissue \[[@B9]\]. However, another study found similar Pref-1 levels in amenorrheic athletes, eumenorrheic athletes, and nonathletic controls, and the Pref-1 levels were only negatively associated with BMD and estimated bone strength in the nonathletic control group \[[@B13]\]. Mice with osteoblast-specific Pref-1 overexpression also exhibit significantly reduced BMD, although Pref-1 (−/−) mice experienced significant protection from ovariectomy-induced bone loss, compared to wild-type mice \[[@B6]\].

The effect of Pref-1 on bone metabolism is likely mediated by estrogen, as experimental results revealed that Pref-1-deficient mice did not exhibit significant bone loss after ovariectomy \[[@B6]\]. Furthermore, clinical trials of adolescent girls with anorexia nervosa revealed that estrogen replacement was associated with increased BMD, decreased Pref-1 levels, and decreased marrow fat tissue \[[@B14][@B15]\]. Moreover, the role of estrogen in the association of Pref-1 levels with bone metabolism is further supported by the decreased Pref-1 levels and increasing BMD after estrogen replacement treatment \[[@B14]\]. In addition, an epidemiological study confirmed that Pref-1 levels were higher in postmenopausal women, compared to in premenopausal women, and that these levels decreased after estrogen replacement treatment \[[@B16]\].

Based on the previous data from experimental and clinical studies, we aimed to evaluate the association of Pref-1 levels with BMD among healthy postmenopausal women. In our results, the mean value of Pref-1 was 0.28 ng/mL, corresponding to the range of 0.26 to 0.38 ng/dL reported in previous human studies \[[@B13][@B14]\]; however, we were unable to detect any meaningful association. Firstly, our insignificant results might result from small sample size. In fact, power analysis showed low statistical power less than 0.8, showing insufficient sample size to observe statistical significance. This absence of a significant association also may be related to the subjects\' good estrogen status and relatively high BMI values (approximately 24 kg/m^2^). Given that postmenopausal women with higher BMI values have higher estrogen levels \[[@B17]\], our subjects likely had relatively sufficient estrogen status, which likely mitigated any association between Pref-1 levels and BMD. However, we were unable to account for estrogen levels in our analyses, as these data were not collected for our subjects, and only a low proportion of subjects had BMI values of \<20 kg/m^2^. Furthermore, the subjects\' generally good bone health condition might also explain the absence of significant association in our findings, as only 13.7% of our subjects had osteoporosis, compared to a prevalence of approximately 37.5% among the general population of Korean women. Thus, as previous studies have found that elevated Pref-1 levels were associated with significant decreases in bone mass, a larger study sample may be needed to identify any trivial associations between these factors among subjects with good baseline bone health. Therefore, large well-designed studies are warranted to evaluate the association between Pref-1 levels and BMD, and these studies should account for well-known factors that are associated with bone metabolism, such as estrogen levels, thyroid function, nutritional status, smoking, and alcohol consumption \[[@B18][@B19][@B20][@B21]\].

In conclusion, the present study failed to detect a significant correlation between serum Pref-1 levels and BMD scores among health postmenopausal women. Therefore, to clarify the association between Pref-1 levels and bone metabolism, larger studies of the general population are needed.
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###### Supplemental Table S1

The Clinical and Laboratory Characteristics of the Included and Excluded Subjects

###### Anthropometric and Laboratory Characteristics

![](enm-32-124-i001)

  Variable                       Value
  ------------------------------ -------------
  No. of cases                   124
  Age, yr                        59.9±7.1
  No. of years since menopause   9.1±7.6
  BMI, kg/m^2^                   24.2±3.4
  SBP, mm Hg                     123.9±16.0
  DBP, mm Hg                     75.8±10.5
  Pref-1, ng/mL                  0.28±0.10
  T-score                        
   Lumbar spine                  −0.97±1.25
   Femur neck                    −0.82±0.89
   Total hip                     −0.40±1.04
  BMD, g/cm^2^                   
   Spine                         0.993±0.150
   Femur neck                    0.802±0.107
   Total hip                     0.886±0.124
  Fracture history               
   Whole area                    23/121 (19)
   Spine                         2/122 (1.6)
   Hip                           0/122 (0)
  Calcium, mg/dL                 9.5±0.3
  Phosphorous, mg/dL             3.8±0.5
  Albumin, mg/dL                 4.3±0.3
  Creatinine, mg/dL              0.6±0.1
  Osteocalcin, ng/mL             12.6±2.7
  C-telopeptide, ng/mL           0.8±0.4
  25(OH) vitamin D3, ng/mL       6.1±3.3

Values are expressed as mean±SD or number (%).

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; Pref-1, preadipocyte factor 1; BMD, bone mineral density.

###### Adjusted Associations between Serum Preadipocyte Factor 1 Levels and Bone Mineral Densities
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  Variable       β       *R*^2^   *P* value
  -------------- ------- -------- -----------
  Lumbar spine   0.109   0.038    0.109
  Femur neck     0.018   0.017    0.869
  Total hip      0.155   0.041    0.090

The multivariable analyses were adjusted for age and body mass index.

###### Bone Mineral Densities and Preadipocyte Factor 1 Levels according to a History of Fracture
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  Variable                   No fracture history   Fracture history   *P* value
  -------------------------- --------------------- ------------------ -----------
  No. of cases               98                    23                 
  Age, yr                    59.2±0.7              63.2±1.6           0.016
  BMI, kg/m^2^               24.1±0.4              24.1±0.7           0.943
  T-score                                                             
   Lumbar spine              --0.90±1.20           --1.52±--2.01      0.025
   Femur neck                --0.72±0.87           --1.36±0.68        0.001
   Total hip                 --0.31±0.93           --1.00±0.92        0.002
  BMD, g/cm^2^                                                        
   Spine                     1.000±0.015           0.927±0.029        0.025
   Femur neck                0.813±0.011           0.736±0.017        0.001
   Total hip                 0.897±0.011           0.815±0.023        0.002
  Pref-1, ng/mL              0.252±0.010           0.282±0.023        0.212
  Calcium, mg/dL             9.53±0.03             9.50±0.06          0.606
  Phosphorous, mg/dL         3.86±0.05             3.73±0.10          0.253
  Albumin, mg/dL             4.28±0.03             4.22±0.04          0.205
  Creatinine, mg/dL          0.64±0.01             0.66±0.03          0.544
  Osteocalcin, ng/mL         12.60±0.28            12.35±0.56         0.693
  C-telopeptide, ng/mL       0.77±0.04             0.83±0.07          0.461
  25(OH) vitamin D3, ng/mL   5.91±0.31             6.55±0.83          0.479

Values are expressed as mean±SD. *P* values were calculated using Student *t* test for continuous variables.

BMI, body mass index; BMD, bone mineral density; Pref-1, preadipocyte factor 1.

###### Adjusted Correlations between Preadipocyte Factor 1 Levels and Bone Mineral Densities according to a History of Fracture
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  Variable       Absence of fracture history   Presence of fracture history                             
  -------------- ----------------------------- ------------------------------ ------- --------- ------- -------
  Lumbar spine   0.144                         0.129                          0.290   0.296     0.498   0.187
  Femur neck     0.015                         0.296                          0.869   --0.086   0.365   0.558
  Total hip      0.172                         0.264                          0.079   --0.061   0.653   0.681

The correlations were adjusted for age and body mass index.
